This plan describes how validation testing of software will be implemented for the integrated control and data acquisition system of the Light Duty Utility Arm System (LDUA). to demonstrate and document that the LDUA software meets its software requirements specification (reference 3).
The purpose of LDUA software validation testing is
SCOPE
This plan applies to the validation testing of the LDUA control and data acquisition system software as single entity that is completely integrated with the complete LDUA Baseline System. testing at the component or subsystem level (refer to section.15.2 for definition of the terms "validation" and "verification").
It does not apply to any verification
This plan is subordinate to the LDUA Subsystem Pre-Operational (Cold Test) Plan (reference 4) and was prepared in accordance with LDUA Software Development Plan (reference 2). The testing controlled by this plan will be part of the Equipment Qualification Tests as described by the LDUA cold test pl an.
BACKGROUND
The LDUA System is being designed to deploy a family of tools, called end effectors, into underground storage tanks by means of a robotic arm on the end of a telescoping mast, and to collect and manage the data that they generate. The LDUA System uses a vertical positioning mast, referred to simply as the mast, to lower the arm into a tank through an existing 30.5 cm (12 in.) access riser. A Mobile Deployment Subsystem is used to position the mast and arm over a tank riser for deployment, and to transport them from tank to tank. The LDUA System has many ancillary subsystems including the Operations Control Trailer, the Tank Riser Interface and Confinement Subsystem, the Decontamination Subsystem, and the End Effector Exchange Subsystem. The LDUA is being designed to operate safely in the hazardous (high radiation, flammable gasses, corrosive chemicals) environment typical of the 177 underground storage tanks at the Hanford site and underground storage tanks located at other DOE sites. 2. Software Test SDecifications: Describe a l l t h e t e s t i n g f o r one o f t h e f e a t u r e s t o be t e s t e d t h a t are d e f i n e d i n Section 4. A t e s t s p e c i f i c a t i o n l i s t s t h e p a r t i c u l a r f e a t u r e s o f t h e software t h a t w i l l be tested, refinements t o t h e general t e s t i n g approach t h a t w i l l be used f o r t h e t e s t , and t h e p a s s / f a i l c r i t e r i a t h a t a p p l i e s t o t h e t e s t . The t e s t s p e c i f i c a t i o n also contains a number of s p e c i f i c software t e s t cases. Each software t e s t case w i l l describe t h e i n p u t s t o be applied t o t h e system, t h e c o n d i t i o n t h a t t h e system must be i n , and t h e outputs from system t h a t are t o be expected i n response t o t h e inputs. This t e s t p l a n document provides a s e t o f software t e s t s p e c i f i c a t i o n s as appendices. considered as guidelines. The f i n a l versions o f t h e t e s t s p e c i f i c a t i o n s w i l l be developed as p a r t o f t h e process o f w r i t i n g t h e software t e s t procedures.
Software Test Procedures: A software t e s t procedure w i l l be w r i t t e n t o implement t h e f i n a l version o f each software t e s t s p e c i f i c a t i o n . procedure w i l l describe t h e actual sequence o f actions, observations, and measurements which must be performed t o do t h e t e s t . The procedure w i l l a l s o describe p r e r e q u i s i t e s and t h e c o n d i t i o n o f t h e LDUA System t h a t are r e q u i r e d before t h e t e s t can be performed.
s p e c i f i c a t i o n w i l l be included i n t h e procedure t h a t implements i t .
They are
The A copy o f t h e f i n a l t e s t
Test Loq: W i l l be created and maintained as d e f i n e d by t h e Cold Test Plan

Software Test Reoort: W i l l summarize t h e software v a l i d a t i o n t e s t i n g t h a t (reference 4).
was performed and t h e r e s u l t s . Under the provisions of the LDUA Software Development Plan (reference 2), the LDUA Software Cog Engineer shall be Custodian of the software under test and shall be the system manager for the computers in the LDUA System.
TESTING TASKS
WHC-SD-TD-TP-006, Rev
TESTING ENVIRONMENT
The software shall be tested in the final operational configuration of the LDUA integrated system as described in the LDUA Cold Test Plan (reference 4), with all system software installed and operating.
RESPONSIBILITIES
Organizational responsibilities are covered by the LDUA Cold Test Plan (reference 4).
STAFFING AND TRAINING NEEDS
The LDUA Software Cog Engineer will be required to support the testing activity full time. This individual will need to be familiar with the operating systems and key software packages in the LDUA System. be required.
testing by reviewing test plans, software test specifications, and software test procedures. The LDUA Technical Lead will review the testing documentation and assist in resolving component integration issues.
Training may
The Cog Engineers for the LDUA System will also participate in the software
SCHEDULE
The schedule for the testing described by this document shall be controlled and documented by the overall LDUA level 111 schedule document. The operator s h a l l l o a d pre-defined autosequences from t h e LDUA Console and s h a l l command each autosequence t o be executed, f i r s t w i t h s i m u l a t i o n enabled and then w i t h s i m u l a t i o n disabled. The operator s h a l l v e r i f y t h a t t h e actual and simulated motion o f t h e mast and arm match each o t h e r and match t h e expected motion. Autosequences w i l l be i n j o i n t mode and Cartesian mode (both world and t o o l space).
. Test Case O u t l i n e
The operator s h a l l operate t h e mast and arm i n t e l e o p e r a t i o n mode f i r s t w i t h s i m u l a t i o n enabled and then w i t h s i m u l a t i o n disabled. The operator s h a l l change t h e s e t t i n g s f o r maximum t i p and j o i n t speeds and v e r i f y t h e e f f e c t on t h e mast and arm motion. 
TS-B-C2 TS-B-C3 TS-B-C4
Rotational axes -move to predefined angle -The operator shall operate the rotational axes and shall monitor the inclinometers mounted on the Vertical Positioning Mast Housing in order to set each axis to a predefined angle. This shall be done from the pendant and from the LDUA Console.
Translational axes -move to predefined target -The operator shall operate the translational axes to position the centerline of the mast to a predefined target point.
LDUA Consol e.
This shall be done from the pendant and from the Minimum motion increment (bump) -The operator shall "bump", that is, operate each translational and rotational axes to achieve the minimum incremental motion. This shall be done from the pendant and from the LDUA Console.
Feature Pass/Fail Criteria
The software must successfully execute all the test cases. 
Refinements To T e s t i n g Approach NOTE:
The d e t a i l s o f t h e LDUA shoulder camera c o n t r o l are determined by t h e LDUA s p e c i f i c a t i o n (reference 5). The LDUA manufacturer i s r e q u i r e d t o develop and perform performance and acceptance t e s t s f o r t h e LDUA and f o r t h e V e r t i c a l P o s i t i o n i n g Mast. the LDUA manufacturer's t e s t become known. The operator s h a l l c o n s t r u c t an autosequence by operating i n t e l e o p e r a t i o n mode w i t h s i m u l a t i o n enabled i n t h e LDUA Subsystem C o n t r o l l e r and c o l l i s i o n checking d i s a b l e d i n t h e World Model from t h e Operations Workstation. During t h e teleoperated motion o f t h e mast and arm, t h e operator s h a l l designate p o s i t i o n s o f t h e arm t h a t are t o be p a r t o f t h e autosequence. When t h e autosequence is complete, t h e operator s h a l l enable c o l l i s i o n checking i n t h e World Model from t h e Operations Workstation and s h a l l preview t h e whole autosequence, and execute i t when t h e preview i s complete. 
Test Case O u t l i n e Number D e s c r i o t i o n TS-C-Cl Camera c o n t r o l This t e s t s p e c i f i c a t i o n w i l l be r e v i s e d as t h e d e t a i
Refinements To T e s t i n g Approach
This t e s t s h a l l be performed from t h e Data A c q u i s i t i o n Workstation. s i g n a l s from t e s t sources may be used f o r i n p u t s from e x t e r n a l subsystems. The software must successfully execute all the test cases.
Test Case O u t l i n e
